Estimating a near-surface S-wave velocity (Vs) structure is important in providing a static solution for multicomponent seismic analysis as well as for geotechnical purposes. We use the Multichannel Analysis of Surface Wave (MASW) method to delineate Vs in the near surface (Park et al., 1998; Xia et al., 1999). We applied the MASW method to seismic datasets acquired at the La Marque Geophysical Observatory at the University of Houston Coastal Center, Galveston County, Texas (Figure 1) in March, 2010. There were two major objectives of our study: 1) to test different sources (a 12 lb sledge hammer versus a truck-mounted accelerated weight drop) and various receivers (planted geophones versus a dragged land streamer) and 2) to determine the near-surface S-wave velocity structure in the area. Another goal is also to compare the resolutions of different dispersion curves created by MASW method for different settings and to investigate the consistency of results. The dispersion curves for the seismic lines with planted receivers have lower noise with compare to the land streamer data. Data from lines having planted geophones contain information from greater depth. One of the reasons is the better coupling of planted geophones. Velocity results are consistent though for both types of receivers for the very near surface (7-8m). Analysis shows that the S-wave velocity ranges from 120-220m/sec for first 7-8m and increases up to about 500m/sec at a depth of 18-20m.
Introduction
We are interested in the near surface for two major reasons including: 1) we need to "see" through it to resolve geology and resources at depth and 2) it is the material upon which we build structures. With respect to 1), the near-surface often has unconsolidated, low-velocity layers which can cause time delays in passing seismic waves, especially S waves. Hence, it is necessary to obtain a detailed nearsurface velocity structure. The Multichannel Analysis of Surface Wave (MASW) method (Park et al., 1999) is an effective and increasingly popular method to obtain the near-surface S-wave velocity structure. MASW uses the dispersion properties of surface waves (mainly Rayleigh waves) to create dispersion curves (frequency vs. phase velocity). Then, the inversion of these dispersion curves for fundamental mode provides the near-surface S-wave velocity structure.
Personnel from University of Houston performed different geophysical experiments at La Marque Geophysical Observatory, Galveston County, Texas. The topography of the field site is flat. The sediments at the site are from the Quaternary Beaumont Formation consists of clay and silty clay (Capuano et al., 1996) . Three different seismic experiments to investigate the near surface are discussed in this paper. The first experiment was performed with 12lb sledgehammer as a source and a 60-channel land streamer as receiver component. The second experiment was performed using the same source but with planted geophones. The third survey used a truckmounted accelerated weight drop and planted geophones. We used Geometrics StrataVisor and Geode recorders. The sites for these experiments are shown in Figure 1 . We will (a) (b) compare these three experiments for data quality, resolution of dispersion curves, and the resultant near-surface velocity structure.
Details of seismic experiments
The first seismic experiment consists of two E-W lines with overlapping of half-spread length along the Observatory's entrance road. The second experiment consists of two orthogonal lines, one running E-W and another running N-S. For the first experiment, a 12lb hammer was used as the source and a 60-channel land streamer was used as the receiver. In the land streamer, the receiver interval is 2m. The shot interval is also 2m. Each source was between two receivers ( Figure 2a ). The second line was shot by dragging the land-streamer eastward overlapping half of the total spread. Data were recorded with 0.5 ms sample interval and 2 sec of total record length using 64 channel StrataVisor recording unit.
For the second experiment, the source was same as the first experiment but 48 individual planted geophones with receiver interval of 2m were used instead of the land streamer. For each line, five shots were performed at each end starting from 10m beyond the end channel and forwarding with 2m of source interval ( Figure 2b ). Data were recorded with 2 ms sample interval and 3 sec of total record length using 64 channel StrataVisor recording unit.
An additional third experiment was done with planted geophones but with a truck-mounted accelerated weight drop as source. The experiment was performed with both Figure 2 . Schematic diagrams of survey geometries (a) for both lines in the first seismic experiment (land streamer) running E-W, (b) for both lines in the second seismic experiment (planted geophone) running E-W and N-S and (c) for the third experiment (accelerated weight drop) running E-W. source and receiver interval as 3m. Source was between two stations i.e. the offset between the source and the nearest receiver is 1.5 m (Figure 2c ). The seismic line from the third experiment had 120 channels recorded with 0.5 ms sample interval and 3 sec of total record length.
Results and Discussions
Raw shot gathers from the first two experiments are presented in Figures 3a and 3b . In addition to that, Figure  3c displays the full offset range and Figure 3d shows the selected near offset range shot gather from the third experiment. Data quality is better for the second experiment compared to the first as planted geophones have been used. Although, we see a nice first-breaking P-wave arrival on the land streamer data. The full offset range display of the third line (Figure 3c ) shows good data up to about 150m offset. The selected near offset though shows comparable data quality with the second experiment data as expected for planted geophone. 
The MASW method has been applied to these raw datasets. SurfSeis2.05 is used as the processing software which is based on MASW method. The initial step in MASW method is to create dispersion curves. One of the inherent problems related to these dispersion curves is the separation of different modes. Higher modes may be mixed with the fundamental mode. But, selection of the fundamental mode is important because the inversion of dispersion curves to create the velocity structure requires the proper selection of the fundamental mode. One of the main reasons for the mixing of modes is related to the choice of offset and spread length. Near-field effects (due to non-stabilized surface waves) can degrade near-offset lower frequencies (having deeper information) in the fundamental mode. On the other hand, dominance of higher modes (far-field effect) can affect the higher frequencies (having shallower information) of the fundamental mode. So, selection of optimum offset is very important (Park et al., 2001 (Park et al., , 2007 . Figure 4 shows a series of dispersion curves having different spread lengths with a fixed near-offset (9 m) for one shot gather from the first experiment. Choosing the near-offset as 9 m should be reasonable to avoid the nearfield effects. This analysis gives a background of selection for optimum far-offset as 59 m (Figure 4b ) for proper selection of the fundamental mode. This set of offset values is used for picking fundamental modes for several shot gathers for the first experiment. Then, inversion has been performed to generate different 1-D S-wave velocity profiles (Figure 5a ) for different individual shot gathers. These are merged into a 2-D velocity model along a line (Figure 5b ). We interpret the relatively higher very shallow velocity as the compacted road along which the line was shot. The velocities so determined are in the 100-220m/s range for top 7-8m. S-wave statics have also been calculated along the line (from the base of the model to the surface) and have values around 50ms (Figure 5c ).
Dispersion curves for a seismic line from the second experiment indicate a better separation of modes for almost the entire spread length with a 10m near-offset to minimize the near-offset effects ( Figure 6 ). Fundamental modes are picked with greater conviction even for relatively low frequencies (as low as 5-6 Hz) and higher velocities (~300 m/sec) compared to the first experiment (7-8 Hz and ~ 150 m/sec). This gives near-surface velocity structure (Figure 7 ) for greater depth compared to the first experiment. The dispersion curve for a very long offset (approximately 360m) for the third seismic line does not give good result. But, an offset selection of 10.5m to 82.5m gives a comparable dispersion curve (Figure 8 ) with the second line ( Figure 6) . A 1-D velocity profile for one shot has also been given in Figure 8 . 
Conclusions
We have investigated various source and receiver types to acquire surface wave data. We find that the land streamer is relatively easy to use but comes with noisier data. Planted geophones provide cleaner data, but with a time penalty relative to the dragged land streamer. The near-surface velocities for all of our surveys are consistent and vary from approximately 120 m/s to 220m/s in the upper 7m. For, the second experiment the near-surface velocity structure has been determined to around 22.5 m with a velocity range varying from approximately 120 m/sec to 500 m/sec. The third experiment shows increased coverage and penetration with the accelerated weight drop. Both dispersion curve and its inversion show consistent nearsurface velocity results (up to 500m/sec at a depth of 20m) with the other experiments. Effect of road is also observed in top layer.
